Ammonia induces MK-801-sensitive nitration and phosphorylation of protein tyrosine residues in rat astrocytes.
Astrocytes play a key role in the pathogenesis of ammonia-induced neurotoxicity and hepatic encephalopathy. As shown here, ammonia induces protein tyrosine nitration in cultured rat astrocytes, which is sensitive to the N-methyl-D-aspartate (NMDA) receptor antagonist MK-801. A similar pattern of nitrated proteins is produced by NMDA. Ammonia-induced tyrosine nitration depends on a rise in [Ca2+]i, IkB degradation, and NO synthase (iNOS) induction, which are prevented by MK-801 and the intracellular Ca2+ chelator 1,2-bis(o-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid (BAPTA-AM). Moreover, the increase in tyrosine nitration is blunted by L-NMMA, 1400W, uric acid, Cu, Zn-superoxide dismutase/catalase treatment, and methionine-sulfoximine, which indicate the involvement of reactive nitrogen intermediates and intracellular glutamine accumulation. Such reactive nitrogen intermediates additionally mediate ammonia-induced phosphorylation of the MAP-kinases Erk-1/Erk-2 and p38MAPK. Among the proteins, which are tyrosine -nitrated by ammonia, glyceraldehyde-3-phosphate dehydrogenase, the peripheral-type benzodiazepine receptor, Erk-1, and glutamine synthetase are identified. Ammonia-induced nitration of glutamine synthetase is associated with a loss of enzymatic activity. Astroglial protein tyrosine nitration is found in brains from rats after acute ammonia-intoxication or after portacaval anastomosis, indicating the in vivo relevance of the present findings. The production of reactive nitrogen intermediates and protein tyrosine nitration may alter astrocyte function and contribute to ammonia neurotoxicity.